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What we claim is 



A method of performing a dyn 



mic programming pattern 



snce of input patterns 
and a number of stored 



matching process between a sequ 
representative of an input signal 
sequences of reference patternsL each sequence being 
representative of a reference signal, wherein the method 
processes each input pattern in turn with respect to at 
least some of the reference signals in turn, bys 

(1) defining as active patterns the reference 
patterns of a current reference silgnal which are at the 
end of a dynamic programming path! for a current input 
pattern being processed, each path representing a 
possible matching between an ordered sequence of 
reference patterns and an ordered sequence of input 
patterns ending at said current! input 
listing the active patterns for the current] 
in a current active list; 

(2) for each active pattern , 
associated with that active patterrj i 
representative of the score for the 
path which ends at that active pattern for said current 
input pattern; and 

(3) updating said cumulative vjalues and propagating 
said dynamic programming paths based 



are placed on the dynamic programming path propagation, 



by processing each active patte 



Frn , and 

storing in a store 
, a cumulative value 
dynamic programming 



on constraints which 



;:n of said current 
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reference signal in reverse sequential order/ bys 

(A) updating the cumulative valiie stored in 
the store associated with a current active pattern 
being processed, using said current input pattern; 

5 and then / 

(B) propagating the dynamic programming path 
associated with the current active pattern , and 
listing, if it is not already listed, each 
reference pattern of the currenti reference signal, 

10 which may be at the end of that /dynamic programming 

path for the succeeding inputt pattern, in a new 
active list ; and / 

wherein the propagation of each dynamic programming 
path for a current reference signal is/t:ontrolled using 

15 a pointer associated with the current/ jref erencp signal, 
which identifies the reference patpanu^nich is the 
earliest in the sequence of / patterns of the current 
reference signal listed in thef new active list, after the 
processing of the preceding active pattern, such that the 

20 propagation of each dynamic programming path is achieved 
without the need to search the new active list to 
identify which reference; patterns, of the current 
reference signal, have been listed on the new active list 
as a result of processing /preceding active patterns. 

25 / 

2. A method according to claim 1, wherein the following 
steps are performed in step 3(B): 
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(i) determining which of the reference patterns of 
the current reference signal are potentially /at an end 
of the dynamic programming path which ends at said 
current active pattern for said succeeding junput pattern, 

5 based upon said constraints which are placed on the 
dynamic programming path propagation? ana then 

(ii) propagating the dynamic programming path, 
updating the new active list and copying appropriate 
cumulative values into stores associated with the 

10 reference patterns determined in step (i), by processing 
each reference pattern determined i/n step (i). 

3. A method according to claim 2, /wherein each 
reference pattern determined LA step /i) of c^air 2, 

15 except the current active pattern if iAflls orfe of those 
reference patterns, is processed by; 1/ 

(a) determining whether /a current reference pattern 
being processed is sequentially beyond any reference 
pattern identified by said pointer; then 

20 (b) if the current reference pattern is the same 

as or sequentially beyoAd the identified reference 
pattern, then copying the /cumulative value stored in the 
store associated with seyid current active pattern into 
the store associated witii the current reference pattern, 

25 if it is better than the cumulative value already stored 
there ; and / 

(c) if the current reference pattern is sequentially 
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before the identified reference pattern or if /there are 
no reference patterns of the current referencre signal in 
the new active list, then copying the cumulative value 
stored in the store associated with said /urrent active 
5 pattern into the store associated with said current 
reference pattern, and listing said current reference 
pattern in the new active list. 

4, A method according to claim 2f r wherein if one of 
10 the reference patterns determined /in step (i) of claim 
2 is the current active pattern, ythen the processing of 
the current active pattern in /step (ii) of claim 2 
comprises the step of listing the current? active pattern 
in the new active list, if this is no/ Contrary to any 
15 constraint placed on the dynamic proclaiming process, 



20 



5 . A method according to <£laim 1 , Whferein after the new 
active list has been updated by the processing of the 
current active pattern, said pointer associated with the 
current reference signal/ is set to identify the reference 
pattern on the new active list which is the earliest in 
the sequence of patterns of the current reference signal. 



6. A method according to claim 1, wherein the 
25 processing of the jcurrent input pattern is performed 
before the succeedi/ng input pattern is received. 



# 
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7. A method according to claim 1, wherein the /whole 
input signal is received before the first input pattern 
is processed. / 

8. A method according to claim 1, wherein each 
reference signal has associated therewith/ a current 
active list and new active list. / 

9 . A method according to claim 1 , wherein when a 
reference pattern is added to said new active list it is 
placed at the end thereof . / 

10. A method according to claim 2, wherein the reference 
patterns processed in step (ii) of claim 2, are processed 
in reverse sequential order. / / f\ / 

11. A method according to claim/ 1, whdr^fc^he method 
only performs step (3) of claim I for the. current active 
pattern, if the cumulative value associated therewith is 
better than a threshold value./ 

12. A method according td claim 11, wherein said 
threshold value is varied to try to maintain the number 
of active patterns processed for each input pattern to 
be below a given maximum number. 



13. A method according to claim 12, wherein the 
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threshold value used during the processing /of the 
succeeding input pattern is determined diybing the 
processing of the current input pattern, and Ld dependent 
upon the total number of reference patterns/ in the new 
active list or lists for the succeeding ir pattern < 

14. A method according to claim l f whei/ein one of said 
dynamic programming constraints is that/a limit is placed 
on the number of consecutive input/ patterns that a 
reference pattern can be matched Arith, on the same 
dynamic programming path. 

15, A method according to claijn 1, wherein one of said 
dynamic programming constraints is that/ i/f a reference 
pattern is matched with an infeut patterp/ tibeii^f limited 
number of reference patterns which Z/kre sequentially 
beyond that reference pat/tern can be matched with the 
succeeding input pattern/ on the same dynamic programming 
path. 



16. A method according to claim 1, wherein one of said 
dynamic programming/ constraints is that if a reference 
pattern is matched /with an input pattern , then reference 
patterns which are sequentially before that reference 
pattern can not / be matched with the succeeding input 
pattern, on the /same dynamic programming path. 



17. A method according to claim 1, wherein said 
reference patterns are representative of a template, and 
wherein said cumulative values are distance measures. 

18. A method according to claim 1, therein said 
reference patterns are representative of /a statistical 
model , and wherein said cumulative values are 
probabilistic measures . / 

19. A method according to claim l f it/herein said input 
signal can be matched with a sequence of said reference 
signals, by allowing dynamic / programming paths 
propagating in one reference signal to subsequently 
propagate into other reference signals. /"> 

20. A method according to cyaim 19 / vmirein onl^the 
dynamic programming path which has the brat^cumulative 
value of all the dynamic prrfgrammin^/paths which leaves 
the reference pattern for/ the current input pattern, 
propagates further. / 

21. A method according no claim 19, wherein the sequence 
of reference signals, against which the input signal can 
be matched, is constrained by a set of defined rules. 



22. A method according to claim 19, wherein after the 
current input pattern/ has been processed with respect to 
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the reference signals, the method processes those 
reference signals to update the new active last and to 
update the cumulative values associate^ with the 
reference patterns at the beginning of tMose reference 
signals, which are potentially at an end of a dynamic 
programming path which enters the corresponding reference 
signal, based upon said constraints/, using the best 
cumulative value of all the dynamic/ programming paths 
which can enter that reference signal. 



23. A method according to claim/ 1, wherein said input 
signal is representative of a speech signal, and wherein 
each input pattern comprises/ a number /of parameters 
representative of the acoustic properties/ of the speech 

signal during a corresponding time fr£ 

/ 

24. A method according tp claim 23, wherein said input 
speech signal can be matched to a sequence of reference 
speech signals, and wherein the allowed sequences are 
defined by a language model . 

/ • 

25. A method according to claim 24, wherein the end of 
a dynamic programming path which leaves a reference 
signal when processing the current input pattern can be 
matched with a pattern representative of background noise 
for succeeding input patterns. 
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26. A speech recognition method for recognisingyan input 
speech signal by comparing it with a plurality of 
reference speech signals , the method comprising the steps 
of : / 

extracting a sequence of input patterns 
representative of said input speech signal? 

storing sequences of reference /patterns, each 
sequence being representative of k corresponding 
reference speech signal; / 

matching the sequence of input/ patterns with the 
reference speech signals, using a Method according to 
claim 23; and / 

providing a recognition refsult from / cumulative 
values determined by said matching step. I A / 

27. A method according to /claim 26// wh^rpdri said 
recognition result is provided by determining which of 
the dynamic programming pathos which end at the last input 
pattern in the sequence has the best cumulative value. 

28. A method for adaptAng existing reference models 
which are used in a pattefrn matching system, wherein each 
reference model comprises a sequence of reference 
patterns, the method comprising the steps of % 

(a) inputting a number of input signals for which 
the content is known; / 

(b) processing /each input signal to generate a 



« 
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sequence of representative input patterns ; / 

(c) for each input signal, aligning the 
representative sequence of input patterns with the 
sequence or sequences of reference patterns of the 

5 existing reference model or models of thje signals known 
to be in that input signal? / 

(d) for each reference pattern which is aligned 
with a number of input patterns of one or more input 
signals; / 

10 (i) combining the input/ patterns of the 

aligned input signals; and / 

(ii) replacing that reference pattern of the 
reference model with the combined jLn#it pattern 
determined in step (i). / f If 

15 / / 

29. A method according to clainy 28, wherfekn the aligned 
input patterns are combined by /averaging/ them . 

30. A method according to/ claim 28 , wherein said 
20 reference models represent speech, and wherein said input 

signals are speech signals /for which the speech content 
is known. / 

31. A method according/ to claim 30, wherein each 
25 reference model is representative of one or more words . 



32. A method according/ to claim 28, wherein for each 
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reference pattern of a reference model aligned with at 
least one input signal for which there ate no aligned 
input patterns of the input signals, /that reference 
pattern is replaced with a pattefcn derived by 
interpolating between or extrapolating /from neighbouring 
reference patterns of that reference model which have 
already been replaced. 



10 



is 



20 



25 



33. A method according to claim 32, wherein said 
reference pattern is replaced by interpolating between 
or extrapolating from the neares^: neighbouring reference 
patterns 




34. A data carrier programmed with so£ti*fcH?6 for carrying 
out a method according to cl/aim 1, 26 /or 28. 

35. An apparatus for carrying out a method according to 
any of claims 1, 26 or 2\ 

36 . A c ontr ol system f oxj controlling a telephony s ystem , 
comprising: 

a speech recognition user interface for allowing a 
user to input speech commands for controlling the 
telephony system, and/ for outputting a recognition result 
based on comparing the input speech commands with 
pre-stored reference models; 

control means/, responsive to the recognition result 
output from the interface, for controlling the telephony 



10 
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system in accordance with an input speech (Command; 

characterised in that the speech recognition user 
interface is adapted to be able to recognLse continuously 
spoken commands comprising a plurality ox words defining 
a desired telephony service and an identifier of another 
user by comparing allowed sequences of word models, 
defined by a stored language model, with the input speech 
command, and in that the control means comprises 
execution means for executing an operation corresponding 
to the input speech command. 



15 



20 



25 



37. A telephony system comprising: 

a speech recognition user/ inter fa^eAforxdl lowing a 
user to input speech commands /for controlling telephony 
services provided by the syaStem, and for outputting a 
recognition result based ory comparing the input speech 
commands with pre-stored reference models; and 

execution means, responsive to the recognition 
-result Output from -the /-interf ace, for executing — an 



operation corresponding /to the speech command; 

wherein each user lot the system is identified by a 
telephone number and / an associated identifier, and 
wherein the execution means is adapted to predict, using 
current system status information, what telephony service 
is wanted, if the user inputs, via the speech recognition 
user interface, only the identifier of another user. 
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38. A system according to claim 36 , where/n the 
execution means is adapted to communicate with Aisers of 
the system in dependence upon information representative 
of the current status of the system, ^herein the 
execution means is adapted 

i) to hold the current system status? information; 

ii ) to check that the operation corresponding to 
the speech command does not conflict yLth the current 
system status information; and 

iii) if there is no conflict, t6* request the user 
to confirm the speech command prior /to execution, and 

wherein a buffer is provided for buffering new 
system status information which is genera;t^d whilst the 
execution means awaits user conf/irmatioi 

39. A system according to claim 37 , yhpre^n the status 
information comprises, for egrch user, //a selection from: 
who the user is currently ^peaking to, who the user is 
dialling , _ who ^_ m Sm J^qL^ L who is trying to ring t hat 



user, whether that user is playing messages, who has that 
user on hold and who hasf that user in a conference. 



40. A system according to claim 36, wherein the 
telephony services comprises a selection from: setting 
up a call, transferring a call, holding a call, returning 
to a call, setting / up a conference call and message 
selection and replaying. 
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41. A system according to claim 36 , wherein the control 
means further comprises interpretation means/ for 
interpreting the recognition result, which uses a factory 
set pre-stored dictionary. / 

42. A system according to claim 36 , wherein/ each user 
in the system has an associated storage means/ for storing 
the telephone numbers and associated identifiers of other 
users, whereby a user can designate another user of the 
system by speaking the corresponding identifier into the 
speech recognition user interface. / 

43. A system according to claim/ 42, wherein the 
execution means is adapted to predict, using current 
system status information, what ytelephony / service is 
wanted if the user inputs, via Lhe speedy recognition 
user interface, only the identifier of /ary&hery^ser . 

_44-.~ A system according -to -cl4im 36 , herein the speech- 
recognition user interface dan be trained to recognise 
new speech commands. / 

45. A system according to claim 44, wherein a means is 
provided for adapting the language model to accommodate 
the new speech commands, /and wherein a means is provided 
for generating new reference models for those words in 
the new speech commands for which there is not an 



135 

existing reference model. 



46. A system according to claim 36 ,. wherein each user 
has an associated set of reference models'. 

5 / 

47. A system according to claim 36 provided in a local 

exchange . / 

48. A telephony system comprising a control system 
10 according to claim 36 for controlling the telephony 

system and a number of communication devices for use by 
users of the telephony system, wnich are interconnected 
via a local exchange. / ^ 

15 49. A system according to claim AwJ wherein the 
execution means is adapted jco communftcfaue w^tn each of 
the users via the respective communication devices, 
information representative of the ^airrent status of the 
- system. - 

20 / 

50. A system according to claim 48, wherein at least 
some of the communication devices have an associated 
display arranged to display messages representative of 
the operation corresponding to the input speech command, 

25 for a predetermined dmount of time. 

51. A system according to claim 48, wherein the local 
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exchange is connected to the public exchange so that 
users connected to the local exchange can/ communicate 
with remote users on the public exchange arid vice versa. 

52. A system according to claim 48, further comprising 
a mail box facility which stores messages for users of 
the system left by callers, when the lasers are unable to 
take the calls. 

53. A system according to claim 52/ wherein each message 
stored in the mail box facility Is associated with the 
telephone number of the caller Who left the message. 



54. A system according to clAim 53 , wherein user^ can 
request, via the speech recognition uses* interface, the 
mail box to replay messages /from a paryciculaaf caller. 



55. A system according /to claim/ 54, wherein after 
replaying one of a --plurality- of- selected messages ~a user 
can access other telephorfy services and return and replay 
the remaining selected /messages after using those other 
telephony services . 



56. A system according to claim 48, wherein the use of 

the speech recognition user interface and the execution 

i 

means is time multiplexed between a number of different 
users . 



/ 
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57. A system according to claim 48, wherein a plurality 
of speech recognition user interfaces ana execution means 
are provided, for simultaneous use by a plurality of 
different users. 

58. A system according to claim / 36, provided in a 
communication device. 

59. A system according to claim/36 in which said speech 
recognition user interface is arranged to recognise an 
input speech command using a ^speech recognition method 
according to claim 26 . 

60. A method of controlling a -^telephony system 
comprising the steps of: 



providing a system according t</ a 

inputting a speech /command i 
speech recognition user interface; 
. - . outputting. a recognition^ .result ^ based on a 




r preceding claim; 
the systejja^via the 



comparison of the input speech command with pre-stored 
reference models m^de by the speech recognition user 
interface; and 

controlling ttye telephony system in response to the 
recognition resuli 



61. A data carrier programmed with software for carrying 
out a method according to claim 60. 
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62. A mail box facility for use with a te^fephony system, 
comprising: 

a speech recognition user interface for allowing a 
user to input speech commands for controlling the mail 
box facility, and for outputting a recognition result 
based on comparing the input yfepeech . commands with 
pre-stored reference models; 

control means, responsive tfc> the recognition result 
output from the interface, for/ controlling the mail box 



peech command; and 
callers, 



facility in accordance with an inpu 

storage means for storing mess^gfe^ left 
when the users are unable tp take /wie CTIls; 

characterised in thatf each Message stored in the 
mailbox is associated wit/h the telephone number of the 
caller who left the message, whereby users can request, 
via the speech recognition user interface, the mailbox 
facility to replay messfages from a particular caller. 





